We present results from a systematic investigation of the X-ray properties of a sample of moderate redshift (0.3 < z < 0.6) galaxy groups. These groups were selected not by traditional X-ray or optical search methods, but rather by an association, either physical or along the line of sight, with a strong gravitational lens. We calculate the properties of seven galaxy groups in the fields of six lens systems. Diffuse X-ray emission from the intragroup medium is detected in four of the groups. All of the detected groups have X-ray luminosities greater than 10 42 h −2 erg s −1 , and lie on the L X -σ v relations defined by local groups and clusters. The upper limits for the non-detections are also consistent with the local L X -σ v relationships. Although the sample size is small and deeper optical and X-ray data are needed, these results suggest that lens-selected groups are similar to X-ray selected samples and, thus, are more massive than the typical poor-group environments of local galaxies.
INTRODUCTION
To have a full picture of galaxy evolution and structure formation in the Universe, it is crucial to understand the properties of galaxy groups. Most galaxies in the local Universe reside in galaxy groups (e.g., Turner & Gott 1976; Geller & Huchra 1983; Eke et al. 2004) . In addition, groups are vitally important in driving changes in star formation rates and galaxy morphologies since z ∼ 1, because the low velocity dispersions and high density of groups make them likely locations for interactions and mergers (e.g., Aarseth & Fall 1980; Barnes 1985; Merritt 1985) . Furthermore, indications are that the dark matter distributions in groups represent a transition between the dark-matter dominated profiles seen on cluster scales and galaxy-sized halos that are strongly affected by baryon cooling (e.g., Oguri 2005) . In this paper we examine the properties of moderate-redshift groups.
Groups in the local Universe have been well studied (e.g., Osmond & Ponman 2004; Rasmussen et al. 2006) . In a systematic survey of 60 groups in the Group Evolution Multiwavelength Study (GEMS), Osmond & Ponman (2004) find that groups in the local Universe obey similar L X -σ v and L X -T scaling relations to more massive clusters, although a more recent analysis (Helsdon & Ponman in prep) finds a steepening in the L X -T slope for these groups. There is also a large non-statistical scatter Electronic address: fassnacht@physics.ucdavis.edu of a factor of 30 in X-ray luminosity and a factor of 3-4 in X-ray temperature for this group sample. This scatter includes a class of spiral-rich groups with little or no emission, as well as some groups with high X-ray luminosities but low velocity dispersions. Possible explanations for these outliers include unrelaxed dynamical states, uncertain velocity dispersion measures from small numbers of redshifts (typically fewer than 10, see also , and point source contamination of the X-ray flux (Helsdon et al. 2005) . Osmond & Ponman (2004) also find a strong correlation between the detection of diffuse emission and the presence of a centrally-located, dominant early-type galaxy, as well as an anti-correlation between spiral fraction and gas temperature.
Additional outliers from the canonical scaling relations are found by Rasmussen et al. (2006) , who are studying a redshift-selected, statistically-unbiased sample of galaxy groups at z ≈ 0.06 with deep X-ray data. The first galaxy groups detected from this survey are X-ray faint (∼ 5 × 10 40 h −2 erg s −1 ), are underluminous for their measured velocity dispersions, and do not host a dominant, central early-type galaxy, suggesting that they are collapsing for the first time. Optically-selected groups such as these represent a different, perhaps more common, class of groups than those detected through their X-ray emission.
Detailed studies of groups at moderate-to-high redshifts have been limited because groups are difficult to find, given their modest galaxy overdensities and X-ray luminosities. On the optical side, the situation has been alleviated somewhat by large redshift surveys such as the Sloan Digital Sky Survey (SDSS; York et al. 2000) , the Canadian Network for Observational Cosmology Field Galaxy Survey (CNOC2; Yee et al. 2000) , and the DEEP2 survey , but many of the group candidates found in these surveys have only 3-4 members (e.g., Carlberg et al. 2001; Gerke et al. 2005) and may not represent physically bound structures. Furthermore, the intensive spectroscopic followup required to confirm each group candidate and characterize its properties has so far limited the size of well-studied group samples from these surveys (e.g., Wilman et al. 2005; Balogh et al. 2007; Fang et al. 2007 ).
Intermediate-redshift (0.2 < z < 0.6) groups selected on the basis of their X-ray emission are also being studied (Willis et al. 2005a,b; Mulchaey et al. 1996; Jeltema et al. 2006 Jeltema et al. , 2007 . Results for these surveys suggest that these groups follow the low-redshift scaling relations between luminosity, temperature, and velocity dispersion. Many of these systems have high fractions of early-type galaxies, suggesting that this population is already in place by z ∼ 0.5 (Mulchaey et al. 1996; Jeltema et al. 2007 ). However, there are clear indications of dynamical evolution, including many groups with brightest group galaxies that show multiple components, dominant early-type galaxies that are not centered on the diffuse emission, or no dominant early-type galaxies at all. While similar systems have been identified in low-redshift samples (see above), the luminosities and temperatures of the moderate-redshift examples are significantly higher, implying a group downsizing where more massive groups are still in the process of collapsing and virializing at these redshifts. The effects of evolution appear to continue to higher redshifts where studies of some optically-selected groups suggest that they are substantially and systematically underluminous, relative to their local counterparts, for a given velocity dispersion (Fang et al. 2007 ). Note however, that the velocity dispersions in Fang et al. (2007) are all based on a small number of measured redshifts (ranging from 3 to 6 redshifts per group) and thus are highly uncertain and may be significantly overestimated.
Significant differences between the properties of X-ray and optically-selected groups have been noted at both low and intermediate redshift (e.g., Rasmussen et al. 2006; Fang et al. 2007; Rykoff et al. 2008) , suggesting that each method is selecting a distinct class of groups. To avoid these biases, we are conducting a survey of moderate-redshift groups that have been selected via a non-traditional technique, namely through their association with strong gravitational lenses. There is growing evidence that strong gravitational lenses, i.e., those forming multiple images of the background object, are typically located in groups of galaxies at intermediate redshift (e.g., Kundić et al. 1997a,b; Tonry 1998; Momcheva et al. 2006; Fassnacht et al. 2006a; Auger et al. 2007a,b) . Thus, strong lenses can be used to identify and study the properties of distant groups, selected in a manner that is completely independent from alternative techniques such as deep X-ray integrations or color-magnitude diagrams. The lensing probability depends only on the projected mass distribution and does not depend on its kinematics or on the properties of the galaxy population or intragroup medium (IGM). Therefore, lens-selected groups provide an excellent sample to determine the properties of galaxies and hot baryons, and to understand selection effects (e.g., mass concentration for lensing, IGM luminosity and temperature for X-ray selection, and the homogeneity of the galaxy population for red sequence selection) by contrasting different methods.
It is not unexpected that the lensing galaxies in strong lens systems should reside in overdense regions of the Universe. Searches for gravitational lenses are biased toward high density regions because (1) higher mass systems have a larger cross-section for lensing and (2) most lensing galaxies are ellipticals, which are preferentially found in groups or clusters (e.g., Dressler 1980; . Theoretical studies have predicted that a significant number of lens systems should be associated with groups or clusters, albeit with a large spread of values (Keeton, Christlein, & Zabludoff 2000; Holder & Schechter 2003; Oguri, Keeton, & Dalal 2005) . Unbiased photometric surveys of lens fields indicate that lenses lie along overdense lines of sight (Williams et al. 2006, Fassnacht et al. in prep.) , and spectroscopic observations have confirmed several lensgroup associations that can affect the lensing potential at the level of 5% or more (e.g., Kundić et al. 1997a,b; Tonry 1998; Fassnacht & Lubin 2002; Momcheva et al. 2006; Fassnacht et al. 2006a; Auger et al. 2007a,b) .
In this paper, we present the results from multi-object spectroscopic and deep Chandra observations of seven groups detected through their association with gravitational lenses. We assume a cosmological model with (Ω M , Ω Λ ) = (0.3, 0.7). We will use h = H 0 /100km s −1
Mpc
−1 to represent the Hubble Constant when we do not have to choose a value. When we do have to assign a value to the Hubble Constant, we use h = 0.7.
THE SAMPLE
The systems analyzed for this paper are all strong lenses for which we have either obtained new observations with Chandra or for which data are available in the Chandra archive. Furthermore, each system had to show evidence of an associated galaxy group, obtained through spectroscopic surveys of the galaxies surrounding the main lens system. The targeted systems are described briefly below.
CLASS B0712+472
This four-image lens system (hereafter B0712) was discovered by Jackson et al. (1998) as part of the Cosmic Lens All-sky Survey (CLASS; Myers et al. 2003; Browne et al. 2003) . The lensing galaxy is at a redshift of z lens = 0.406 (Fassnacht & Cohen 1998) , while the lensed source is at a redshift of 1.34 (Jackson et al. 1998) . A spectroscopic survey discovered a group in the foreground of the lens, with 10 confirmed members and a mean redshift of z = 0.29 (Fassnacht & Lubin 2002) . Further spectroscopic followup, presented in this paper, finds 5 more members.
PG 1115+080
This lens system (hereafter PG1115), consisting of four lensed images of a z source = 1.722 quasar, was the second lens discovered (Weymann et al. 1980) . The lens redshift is z lens = 0.310 (Kundić et al. 1997a; Tonry 1998 ). The system is especially important because it is one of only ∼10 lenses for which time delays have been measured (Schechter et al. 1997; Barkana 1997) . Early observations of this system found a likely group of galaxies centered close to the lens system (Young et al. 1981) and found that two of the potential group members had redshifts of ∼0.3 (Henry & Heasley 1986) , suggesting that the lensing galaxy was a member of a small group. The group membership was expanded by Kundić et al. (1997a) and Tonry (1998) who between them found 5 group members, including the lensing galaxy. Recent work by Momcheva et al. (2006) has extended the number of spectroscopically confirmed members to 13.
JVAS B1422+231
This is a four-image lens system (hereafter B1422) discovered by Patnaik et al. (1992a) as part as the Jodrell-VLA Astrometric Survey (Patnaik et al. 1992b; Browne et al. 1998; Wilkinson et al. 1998) . The background source is at a redshift of z source = 3.62, while the lensing galaxy is at z lens = 0.647 (Hammer et al. 1995) . Early models of the system (e.g., Hogg & Blandford 1994) suggested that external mass was necessary, and subsequent spectroscopy (Kundić et al. 1997b; Tonry 1998) revealed a group at the redshift of the lens. The work of Momcheva et al. (2006) has brought the number of spectroscopically confirmed group members to 16.
CLASS B1600+434
This two-image system (hereafter B1600) was one of the first two lenses discovered (Jackson et al. 1995) in the CLASS survey.
The system redshifts are z source =1.59 (Jackson et al. 1995) and z lens =0.414 (Fassnacht & Cohen 1998) . This is another time delay system, with delays measured by Koopmans et al. (2000) at radio wavelengths and Burud et al. (2000) at optical wavelengths. A spectroscopic survey has discovered a small group with 7 confirmed members that is associated with the lens (Auger et al. 2007a ).
CLASS B1608+656
This four-image system (hereafter B1608) was the second lens discovered (Myers et al. 1995) at the beginning of the CLASS survey. The lens redshift is z lens = 0.630 (Myers et al. 1995) , while the source redshift is z source = 1.39 (Fassnacht et al. 1996) . All three independent time delays in this system have been measured (Fassnacht et al. 1999 ). An extensive spectroscopic survey of the field has revealed four candidate galaxy groups along the line of sight to the lens, with mean redshifts of 0.26, 0.43, 0.51, and 0.63 (Fassnacht et al. 2006a) . In this paper, we present new spectroscopy of the field and updated group velocity dispersions. As we will discuss below, we will only concentrate on the properties of two of the groups in this field: the group that is physically associated with the lensing galaxy at z = 0.632 (hereafter B1608-1) and the group at z = 0.426 (hereafter B1608-3, using the notation of Fassnacht et al. 2006a ).
CLASS B2108+213
This two-image system (hereafter B2108) has a lensing galaxy at z lens = 0.365 and has the largest image separation (4.
′′ 6) of the CLASS lenses (McKean et al. 2005) , giving a strong indication that the lens resides in a group or cluster environment. Unusually, both the lensed source and the lensing galaxy are radio loud, with the lensing galaxy showing both a flat-spectrum core and low surface brightness lobe extending in roughly a east-west to SE-NW direction (McKean et al. 2005; More et al. 2008) . The source redshift has not yet been measured. A spectroscopic survey of the field has revealed several tens of galaxies at the redshift of the lens (McKean et al., in prep) .
3. X-RAY DATA REDUCTION AND ANALYSIS 3.1. X-ray Data Reduction In this section, we present results obtained from Chandra observations of the groups described in the previous section. We report the first results for the groups associated with B0712 and B2108, while the data associated with the other groups have been obtained from the Chandra archive and reprocessed so that the full sample has been processed in an identical manner. We will compare the results from the reprocessed data with those obtained from earlier work by Grant et al. (2004, for the PG 1115 and B1422 systems) and Dai & Kochanek (2005, for the B1600 and B1608 systems).
Observations of B0712 and B2108 were carried out with Chandra's Advanced CCD Imaging Spectrometer (ACIS; Garmire et al. 2003) on 2003 December 17 (ObsID 4199) and 2006 July 14 (ObsID 6971), respectively. Both fields were imaged with the nominal 3.2 s CCD frame time for a total integration of 45.5 ks for B2108 and 97.7 ks for B0712. The resulting data were transmitted in VFAINT mode for both observations. An examination of light curves produced from the datasets in the 0.3-10 keV band shows no indication of flaring during either observation. Both targets were imaged with the back-illuminated ACIS-S3 chip, with B0712 and B2108 located 44 ′′ and 75 ′′ , respectively, from the aim point of the observation.
Data for the PG1115, B1422, B1600, and B1608 systems were obtained from the Chandra archive maintained by the Chandra X-ray Center (CXC)
1 . The observational parameters for these datasets are listed in Table 1 , along with those of the B0712 and B2108 observations. All of the archival fields were imaged with the ACIS-S3 chip near the telescope aimpoint, with the largest off-axis observation being that of B1608, imaged roughly 75
′′ from the aimpoint. The observations of PG1115 and B1422 were carried out in FAINT mode, while those of B1600 and B1608 are in VFAINT mode; all four employed the standard CCD frame time of 3.2 s. We searched for flaring events in the light curves of each observation using the lc clean.sl script and detected periods of increased background in only the 367 dataset of B1422. Excluding periods in which the background count rate differed from the mean rate by a factor greater than 1.5 reduced the usable exposure time of that observation from 28429 to 16888 seconds.
All six datasets were reprocessed and analyzed using standard Chandra Interactive Analysis of Observations (CIAO) 3.3 software tools and version 3.2.2 of the Chandra calibration database available through CXC. We produced new bad pixel masks for the 363, 367, and 4199 datasets with the acis run hotpix script, as the original masks were created by an older version of the CXC pipeline which misidentified afterglow events and failed to detect hot pixels. New level 1 event files were produced for all of the observations using the acis process events script, which makes use of the latest gain files and corrects for the effects of timedependent gain variations and charge transfer inefficiencies (CTI) in the ACIS CCDs. To improve image quality the preprocessing was implemented without event pixel randomization. Level 2 event files were produced by filtering on standard ASCA grades (grades=0,2,3,4,6), good status bits (status=0), and Good Time Intervals (GTIs) supplied by the CXC pipeline. To examine the extended emission originating from the galaxy groups associated with each system we produced images in the soft X-ray band (0.5-2 keV), where emission from the intragroup gas would have the greatest signal. Each image was corrected for vignetting using exposure maps created at an energy of 1.5 keV. The pixel-specific vignette correction factor is estimated by normalizing the exposure map to its maximum value at the aimpoint of the observation. Images of the lens systems, binned to a pixel scale of 0. ′′ 12, are shown in Figure 1 . We note that the sub-pixel binning is used only to make Figure 1 ; all analysis is done with standard-size pixels.
X-ray Analysis
In order to characterize the X-ray properties of the group sample, we must first remove any point-like emission in the field of each system. This includes emission from the lensed active galactic nuclei (AGN), and possibly from the lensing galaxies, which are expected to be embedded in the fainter diffuse group emission. The excellent spatial resolution of Chandra facilitates the crucial separation of the point-source images from the underlying diffuse emission. Raw, soft-band images of the lens systems are shown in Figure 1 . For each system, visual inspection reveals morphologies similar to those seen at other wavelengths, allowing the straightforward registration of the X-ray frame to the astrometry of the existing radio and optical data. In the B0712 system, the observed X-ray emission corresponds to the three brightest images of this quadruply lensed source, although the individual images are largely blended because their maximum separation is only 1.
′′ 5. The three components A, B, and C in PG1115 are well separated but the two images A1 and A2 have not been resolved. In B1422 we clearly see the blended emission from images A, B, and C, but not the fainter image D. The B1600 morphology shows images A and B, while in B1608 components A and C are blended and only image B is well separated; image D is not detected. The images of B1600 and B1608 match well the images presented by Dai & Kochanek (2005) , as expected. In B2108 we see emission from both lensed images and the lensing galaxy (G1). The lensing galaxy in this system is therefore loud in both X-rays and radio.
Removing the contribution of these lensed images is complicated as there is significant structure and signal in the wings of the Chandra point spread function (PSF) even at low off-axis angles. Care must be taken to prevent residual flux in the wings from artificially enhancing any group component. While previous studies have used complex two-dimensional models to disentangle the point-like and diffuse emission (Grant et al. 2004; Pooley et al. 2006) we have employed a relatively simple masking technique that uses PSF modeling to quantify the extent of point sources in each field and replace the point sources with an estimate of the local background. In order to minimize any contamination from the wings of the PSF, our masking apertures were constructed to contain 99% of the flux from a given point source. Using a process similar to that employed by the ACIS Extract (Broos et al. 2002) package, model PSFs were constructed using the CIAO tool mkpsf at an energy of 1.5 keV. As the Chandra PSF is dependent on offaxis angle, a unique PSF was constructed for each lensed image. Once the X-ray data had been registered to the optical and radio frames, the positions of the lensed components were taken from the literature and used as the centroids for the masking apertures. We draw from the 5 GHz and 8.4 GHz radio observations of Jackson et al. (1998) , Patnaik et al. (1999) , McKean et al. (2005) for B0712, B1422, B1608, and B2108, respectively, and from the Hubble Space Telescope (HST) optical observations of Impey et al. (1998) for PG1115. Each model PSF is then convolved with a twodimensional Gaussian with σ = 0.
′′ 27 to account for the telescope dither blur (Broos et al. 2002 ) and a 99% enclosed energy contour is constructed from the smoothed image. The outer extent of the combined contours for a set of lensed images is then defined as our masking aperture for that system. These masking regions are shown plotted on their respective fields in Figure 1 . A local background is then determined directly outside the masking aperture and the masked region is filled with the median background level, scaled to the area of the masked region, using the dmfilth task.
The images were next smoothed in order to emphasize the diffuse X-ray emission associated with these systems. Both adaptive smoothing, using the CIAO tool csmooth (Ebeling et al. 2006) , and fixed-width Gaussian smoothing techniques were used. The results are shown in Figure 2. The middle two columns of the figure show the adaptively-smoothed images of each system prior to and following the masking process. In many of the fields a diffuse component is clearly visible even with the lensed images present. After masking these sources, we applied the adaptive smoothing algorithm with minimum and maximum significance thresholds of 3σ and 5σ, respectively. The minimum and maximum smoothing scales were allowed to float. An examination of the resulting images showed diffuse emission in four of the six fields: B0712, PG1115, B1422, and B2108. On the other hand, we see no obvious signal in the fields of B1600 and B1608, in agreement with the results of Dai & Kochanek (2005) who also fail to detect any significant extended emission within 4 ′ of the lensed galaxies. In the B1608 field, we do notice a region of enhanced emission near to the location of the B1608-3 group. However, this location is close to the chip edge, and it is not clear if the emission is real or due to a higher background level. Deeper X-ray observations are needed to assess whether the B1608-3 group has associated diffuse X-ray emission.
The right-most column of Figure 2 shows the masked data smoothed by a fixed-width Gaussian with a kernel size of 20 ′′ . For all but one of the lens systems, the fixedwidth smoothing produces an image that strongly resembles the image produced from the adaptive smoothing. This is clearly not the case for the B2108 field, where the fixed-width smoothing reveals at least two major components. The difference between the adaptive and fixedwidth smoothing results may be due to the bridge of relatively bright emission connecting the two components. We believe that the adaptive smoothing algorithm probably detected the two components plus the bridge as a single large object and thus incorrectly smoothed the data with a very large kernel size. To assist in the interpretation of the smoothed images, we binned the raw masked data to 16 ′′ pixels. The binned imaged shows a somewhat U-shaped structure that more closely resembles the Gaussian-smoothed image than the adaptively-smoothed image. We therefore feel that for B2108 the fixed-width smoothing has probably produced a more accurate representation of reality. We will, thus, use the Gaussiansmoothed image in the following discussion. We designate the western component, which is the one roughly centered on the lens system, as B2108-1. The eastern component will be referred to as B2108-2.
The majority of the quantitative results, such as the total counts, fluxes, etc., that are presented below are derived from the masked unsmoothed images. However, the smoothed images are used to determine the centroids of the diffuse X-ray emission. Because we feel that the fixed-width Gaussian smoothing produces a more realistic representation of the B2108 emission, and because the fixed-width smoothing also seems reasonable for the other lens fields, we use the Gaussian smoothing to determine the centroids for all of the fields. The resulting centroids are listed in Table 2 . It is worth noting that the lack of structure in the smoothed images of B1600 and B1608 suggests that there is no significant residual flux or artifacts produced as a result of the masking process itself; we proceed under the assumption that this holds true for the other four fields as well.
It was not possible to do a full spectroscopic analysis for any of the fields, due to the low number of counts produced by the diffuse emission. Although an analysis of the B2108-1 system, which has the highest number of counts among the detected systems, did yield a temperature, the uncertainties were so large as to render the value meaningless. Therefore, we instead determined the soft-band flux of the group emission by normalizing a Raymond-Smith spectral model in the CIAO package Sherpa to the net counts detected above the background in each system. The net counts were measured using a standard growth-curve analysis, although the analysis of B2108 was more complex than that of the other systems. For all but the B2108 system, the local background levels were determined by creating azimuthally-averaged surface brightness profiles. For the systems with detected diffuse emission, the annuli were centered on the peak of the emission. For the B1600 and B1608 systems the annuli were placed at the group centers as determined from optical observations. The background for each system was set to the median surface brightness in the region where the profile leveled off. The widths of the annuli were held constant for a given system, but varied between 5 ′′ and 10 ′′ from field to field, depending on the achieved signal-to-noise ratio of the detected diffuse emission. The surface brightness profiles are shown in Figures 3 and 4 . In the case of the two components seen in the B2108 field, the standard approach could not be used because the complex morphology of the emission produces cross contamination of the group counts. Therefore, instead of using surface brightness profiles we set the background level by measuring the surface brightness in a source-free area of the chip.
A cumulative net count profile for each field was constructed by measuring the counts in successively larger apertures centered on the group emission and subtracting an appropriately scaled background. We take the total number of counts originating from the group to be the level at which the cumulative profile ceases to grow. In the case of the B2108 components, it was necessary to mask out parts of the apertures where the counts from the group in question were significantly contaminated by the emission from the other group. Figure 5 shows the masking regions used and Figure 6 shows the resulting curves of growth. The total counts measured in each system are listed in Table 2 , where the counts from the B2108 will be underestimates due to the masking procedure. We find significant signal above the background for the B0712, PG1115, B1422, and B2108 systems, with the emission in the B0712 detected at the 3.5 σ level and the other systems all being detected at the 4.5−5 σ level. We did not detect significant emission in the B1600 and B1608 systems, confirming our non-detection in these fields from the image analysis. As discussed below, the fluxes we present for the B1600 and B1608 systems are 3σ upper limits.
For the four fields with detected diffuse emission, we -Cumulative net count profiles for the two regions of diffuse emission in the B2108 field. The masking that was applied to reduce cross contamination between the groups will lead to underestimated count levels in the outer regions of the profiles.
converted from net counts to flux by modeling the group emission in Sherpa as a Raymond-Smith thermal plasma with a metal abundance of 0.3Z ⊙ and a gas temperature of 1 keV. The instrument response is taken into account by creating redistribution-matrix and auxiliary-response files with the specextract task for each observation. Using these response matrices and the Raymond-Smith model, along with the redshift for the groups and the exposure times of the observations, we determined the source flux required to produce the observed counts in each field. These fluxes were then corrected for the effects of Galactic absorption using the neutral hydrogen column densities of Dickey & Lockman (1990) . Finally, these fluxes were converted to rest-frame soft-band luminosities and from there to rest-frame bolometric luminosities. The computed fluxes and luminosities are given as columns 7 and 8 in Table 2 .
For ease of comparison with other determinations of group X-ray properties, we also computed values within apertures of radius R 500 . The value of R 500 for each system was estimated from the radial velocity dispersion that had been determined from the group galaxy redshifts (Table 3) , as
. For each group, we had to extrapolate from the region of observed emission out to R 500 . To do this, we used a β model with β = 2/3 and R core = 160 kpc; these are the median and mean values, respectively, from the fits to the intermediate-redshift group sample of Jeltema et al. (2007) . The rest-frame bolometric luminosity within R 500 is given as the last column in Table 2 . To obtain upper limits on the flux in the fields of B1600 and B1608 we used a similar process but instead normalized the spectral models to the background counts within apertures of radius R 500 centered on the lensed images. The values listed in Table 2 for these three groups are the 3σ upper limits within these apertures.
In order to compare the X-ray and optical properties of the group sample, we require estimates of the group velocity dispersions. As we did for the X-ray properties, we calculate the velocity dispersions for all the groups using a standardized approach in order to minimize effects due to different computation methods. To do this we have taken the updated redshift distributions for the PG1115 and B1422 systems from Momcheva et al. (2006) and the B1600 redshift information from Auger et al. (2007a) . Furthermore, we have supplemented the previously existing redshift data on B0712 from Fassnacht & Lubin (2002) and on B1608 from Fassnacht et al. (2006a) with new data that we present below. Finally, we include the preliminary analysis of the data for the B2108 field. These data will be presented fully by McKean et al. (in prep) .
B0712 Spectroscopy
Previous observations of the environment of the B0712 field yielded 34 non-stellar redshifts, with 10 galaxies comprising the foreground group (Fassnacht & Lubin 2002) . We obtained further spectroscopy on the field on 2004 April 10 with the Low Resolution Imaging Spectrograph (LRIS; Oke et al. 1995) on the Keck I Telescope. The observations consisted of three multislit exposures of 1800 sec each. Arc lamp and internal flat-field exposures were obtained following the science exposures. The data were obtained with both the red and blue LRIS cameras, with the D560 dichroic splitting the incoming beam at ∼5700Å. The red-side data were dispersed by the 600/7500 grating, giving a nominal scale of 1.28Å pix −1 . On the blue side the 400/3400 grism was used, providing a nominal 1.09Å pix −1 dispersion. The data were reduced with an python-based multislit reduction package developed by M. Auger. This package detects the slits, does the bias subtraction and flat-field correction, corrects for distortions in the spatial direction, does the wavelength solution, rectifies the spectra, subtracts the sky, detects objects in each slit, and extracts the spectra, all automatically. The slitmask had 32 slits, from which 13 non-stellar spectra were extracted. The updated redshift distribution is shown in Figure 7a. 
B1608 Spectroscopy
The spectroscopic data on the B1608+656 field that are presented in Fassnacht et al. (2006a) yielded 97 nonstellar redshifts, in a distribution that showed four clear spikes. Additional multislit observations of the field were obtained on 2004 Aug 13 and 2007 June 12, with one slitmask being used on each occasion. In both cases, both red-and blue-side data were obtained. The first set of observations used the D560 dichroic, the 600/7500 red-side grating, and the 600/4000 blue-side grism, yielding nominal dispersions of 1.28 and 0.63Å pix −1 for the red and blue sides, respectively. Two 1800 sec observations were obtained. The second set used the D680 dichroic, the 831/8200 grating, and the 300/5000 grism. This combination provided nominal dispersions of 0.93 and 1.43Å pix −1 . This second set of observations was designed to measure an improved stellar velocity dispersion for the B1608 primary lensing galaxy and to make the first measurements of the stellar velocity dispersions of the two additional strong lens candidates in this field Fassnacht et al. 2006b ), so the total exposure times were long. In total, 11 exposures of length 1800 s were obtained through this mask. Both masks were reduced using the automated python pipeline. The observing conditions during the 2004 observations were substandard and only two new redshifts were measured from the mask. In contrast, 26 new non-stellar redshifts were measured from the 2007 observations. The updated redshift distribution is shown in Figure 7b. 
Optical Analysis
In order to minimize the likelihood of spurious conclusions arising from different data analysis methods, we computed the group velocity dispersions for each of the systems in the same way. In some cases (B1422, PG1115), this means re-analyzing the data from the literature, while for others (B0712, B1608, B2108) we have acquired new data which have been combined with previously published data, if available. For the B1600 group, the published group parameters (Auger et al. 2007a) were computed using our standardized technique and therefore they were taken directly from the literature. The first step is to identify the groups from the redshift distributions. To do this, we follow the iterative groupfinding procedure presented in Auger et al. (2007a) . In some cases, this objective method leads to slightly different membership than that presented in the literature. The number of galaxies given for each of the groups in Table 3 reflects the numbers from the current analysis. We note that for the B1608 field, the objective group finder identifies the same four redshift spikes as noted in Fassnacht et al. (2006a) , plus an additional group candidate at z = 0.71. However, we only consider two groups in our analysis: the one that is physically associated with the lensing galaxy (B1608-1) and the z = 0.426 group (B1608-3). Both of these groups are compact spatially and in redshift, and are clearly centered in the region covered by our data. In contrast, the z = 0.26 group appears to be real, but also has a spatial distribution that suggests that it may be centered off the region covered by the spectroscopic and X-ray data. The z = 0.52 spike has a filamentary spatial distribution and is composed mostly of late-type galaxies, so we do not believe that it is a real group. The new z = 0.71 candidate has too few members for us to accurately characterize its properties at this time, and is also so distant that the relatively shallow Chandra data do not provide interesting constraints on its properties. The velocity dispersions were calculated from the distributions of the redshifts of the identified group members, using the methods described in Beers et al. (1990) . The gapper algorithm was used for groups with fewer than 15 members, while for groups with more members we used the bi-weight estimator. In each case, the errors on the resulting velocity dispersions were determined using a bootstrap approach. The dispersions and their errors are given in Table 3 . Although the group velocity dispersions have been calculated in a standard manner, we note that a dispersion determined from only ∼10 members may be strongly biased with respect to the true value (e.g., Gal et al. 2008) and thus the calculated values should be used with care.
DISCUSSION

Comparison to Previous X-ray Analyses
The diffuse X-ray emission from two of the lensselected groups, PG1115 and B1422, has been analyzed previously by Grant et al. (2004) . Because our analysis uses different inputs and techniques, care should be taken when comparing the results of the two analyses. As one example, each of these two systems was observed under two separate programs (Obs IDs), namely 363 and 1630 for PG1115, and 367 and 1631 for B1422. To simplify the analysis of the effects of the PSF, we used only the longer of the two observations for each system. In contrast, the Grant et al. (2004) analysis combined the two programs in each case. Therefore, the germane basic quantity to use in the comparison of the results is not the net counts from the diffuse emission, but rather the net count rates. In each case, we find a higher count rate than that measured in the previous analysis: 2.7 × 10 −3 vs. 1.3 × 10 −3 for PG1115 and 3.5 × 10 −3 vs. 1.8 × 10
for B1422, where all values are in counts s −1 . We believe that the cause of this discrepancy is the manner in which we masked out the lensed AGN emission for the lenses. The Grant et al. (2004) approach was conservative, masking out regions with diameters of 14 ′′ -16 ′′ , while our 99% masking regions (Fig. 1) cover somewhat smaller areas, with typical sizes of ∼10 ′′ across. In both cases, a correction was then made to account for the diffuse flux within the masked region. Given the small angular extent of the groups, changes in the masking area may lead to differences in the size of the correction and therefore to significant changes in the measured flux of the diffuse emission.
A second difference in technique is that the luminosities that we use in our final analysis are those within R 500 , rather than just using the luminosities calculated from the observed region of significant detection. To facilitate comparison with the Grant et al. (2004) results, the bolometric rest-frame luminosities in Table 2 are given for both the detection region and the R 500 region. Other differences arise from the X-ray temperature used for PG1115, where Grant et al. (2004) use 0.7 keV and we use 1.0 keV, and the assumed cosmology. The Grant et al. (2004) results are computed using an Einstein-de Sitter cosmology with h = 0.5, while we use (Ω M , Ω Λ ) = (0.3, 0.7) and set h = 0.7 when we have to fix its value.
It is important to consider the effects that the analysis techniques will have on the interpretation of the results. In terms of many of the conclusions drawn from the measured X-ray luminosities, including the discussion of the L X -σ v relationship below, the factors of a few in L X that come out of the different techniques will not change the interpretation. In particular, given the log-log nature of the L X -σ v plot and the scatter in the observed relationship, these factors of 2-3 do not significantly change the location of the lens-group points in Figure 8 . On the other hand, the determination of the location of the X-ray centroid is more sensitive to how the lensed AGN emission is masked, and therefore conclusions about the possible offsets of the brightest group galaxies from the center of the X-ray emission are tentative at best.
The Nature of the X-ray Emission in B2108
The X-ray emission associated with the B2108 system is shown in the last row of Figure 2 , where its morphology is seen to be clearly different from that of the other systems. While the smoothed data in each of the other fields show a single, relatively compact region, the B2108 field contains two elongated regions, connected by a bridge of emission. These regions are roughly centered on the positions of masked point sources; the western component (B2108-1) is the one centered on the lens system.
It is likely that the X-ray emission in B2108-1 is produced by the the group associated with the B2108+213 lens system. The lensing galaxy is a massive elliptical, is the brightest galaxy in the group, and is found nearly at the center of the X-ray emission. However, the source of emission in B2108-2, the eastern X-ray component, is much less clear. An examination of optical imaging of this field, obtained with the Keck telescope, shows a R > 23 source coincident with the X-ray position of the point source that is roughly at the center of B2108-2. The faintness of this optical object compared to the confirmed group members (∼ 5 magnitudes fainter than the primary lensing galaxy) suggests that it is background AGN rather than a source associated with a massive elliptical in the z = 0.36 group. If this is the case, then it is not clear whether the diffuse X-ray emission in B2108-2 is coming from a massive system associated with a background AGN or whether it is instead due to a second group at the redshift of the lensing galaxy. The clear removal of the point-source emission for the B1600 and B1608 systems suggests that the diffuse emission is not wholly due to residual emission from the point source. The majority of the B2108-2 emission is outside the region for which spectroscopic data have been obtained, so there is no information on whether there may be an overdensity of higher-redshift objects in the area covered by this second system. That being said, the available spectroscopy does provide some insights on this complex field. The velocity distribution of the z = 0.36 group members is non-Gaussian, even with nearly 50 redshifts (McKean et al., in prep) , suggesting that the group is in a dynamically disturbed state. The velocity distribution in the B2108 field and the presence of multiple elongated diffuse components connected by an apparent bridge of emission suggest that system is undergoing some kind of merger. Interestingly, the east-west alignment of the two diffuse X-ray components is roughly in the same direction as the low surface brightness lobes seen in deep radio imaging of this system (More et al. 2008) , although the radio lobes cover a much smaller area than the X-ray emission.
Detection Rate and Group Luminosities
One of the most basic quantities that emerges from the analysis of the lens-group sample is the rate at which these lens-selected groups are detected when observed at X-ray frequencies. We have examined the fields of six lenses, in which at least seven galaxy groups have been discovered using optical spectroscopy. Of those seven groups, four are detected with the Chandra observations, giving a formal detection rate of ∼60% ±30%. All of the detected lens-selected groups have luminosities within R 500 of greater than 10 42 h −2 erg s −1 . Because most previous investigations of the Xray properties of galaxy groups have been conducted at low redshifts, we compare the rate at which X-ray emission from the IGM is detected in the lens sample to these samples. Mahdavi et al. (2000) selected groups and clusters based on the CfA redshift survey and found a detection rate of 23%, which they correct to a 40% rate based on their X-ray selection function. The X-ray data used for this work were from the ROSAT All-Sky Survey (RASS; Voges et al. 1999 ) and thus are not highly sensitive, with a limiting luminosity of ∼10 42 erg s −1 . Osmond & Ponman (2004) concentrate more specifically on groups and detect ∼60%, based on deeper pointed X-ray observations with ROSAT. For this sample, the limiting luminosity is L X ∼ 10 41 erg s −1 . However, analysis and sample-selection issues make a straight comparison of detection rates in these earlier samples somewhat problematic. The shallow Xray data used in Mahdavi et al. (2000) make it difficult to disentangle IGM emission from emission due to a hot halo associated with one of the group galaxies (e.g., Mulchaey 2000; Osmond & Ponman 2004) . The Osmond & Ponman (2004) sample avoids this problem by using deeper ROSAT pointings, but their sample may be biased. Their groups are optically-selected, but they require their groups to have pre-existing deep (t exp >10,000 s) ROSAT data, which were often available because the RASS data had shown an X-ray source at that location.
Perhaps the best comparison sample for our lensselected groups is the work on local optically-selected groups by Rasmussen et al. (2006) . Here, the selection is unbiased, at least with respect to the X-ray properties, and the X-ray observations, which are made with XMM, are sensitive. The IGM has been detected in two out of the four groups, giving a similar detection rate to the lens-selected samples. We note, however, that none of the groups in this sample have luminosities above 10 42 h −2 erg s −1 . Although both the lensgroup and Rasmussen et al. (2006) samples are small, we may be seeing a difference in the sample properties. The optically-selected sample may be more representative of typical low-redshift galaxy groups, which often have low levels of X-ray emission. In contrast, the lens-selected sample is picking out groups that are more like the Xray-bright groups detected in local samples, which tend to be on the high-mass side of the local group distributions (e.g., Mahdavi et al. 2000; .
In order to compare the properties of the X-ray emission from the lens-selected moderate-redshift groups with other group samples, we have assumed h = 0.7 and (Ω M , Ω Λ ) = (0.3, 0.7). The lens-group points are plotted as the large stars on the L X -σ v plot in Figure 8 . For the purposes of this plot, we have assumed that all of the measured redshifts in the B2108 field are associated with the B2108-1 group, and plotted the derived velocity dispersion against the B2108-1 X-ray luminosity. Also included in the plot are data from the low-redshift X-ray-detected groups in the GEMS sample of Osmond & Ponman (2004) , and from X-ray-selected moderate-redshift group samples Willis et al. 2005a ). The filled squares represent data on the four groups from Rasmussen et al. (2006) . As men-tioned above, these optically-selected groups appear to be less X-ray luminous than typical systems in the X-rayselected samples (Fig. 8) . In contrast, the lens-selected groups appear to be consistent with the X-ray-selected samples, given the scatter in the data.
Also shown in Fig. 8 are fits to low-and intermediateredshift samples. The low-redshift scaling relations are shown for the GEMS group sample (solid line; Helsdon & Ponman in prep) and a cluster sample (shortdashed line ; Markevitch 1998; Horner 2001) . The other scaling relation (long-dashed line) in the plot is a fit made by Gastaldello et al. (2008) to data from an intermediate-redshift group sample, the majority of which is comprised of the Jeltema et al. (2006) and Willis et al. (2005a) data points represented as the open circles and triangles in Fig. 8 . It is clear that the lens-group detections are more consistent with the lowredshift scaling relations than the intermediate-redshift relation. However, Gastaldello et al. (2008) do point out that their fitted slope may be flatter than it should be because the velocity dispersion measurements may be biased low. Of course, it is difficult to draw strong conclusions from only four detections in the lens-group sample, but the upper limits, while not constraining the properties of the lens-selected sample in a meaningful way, are still perfectly consistent with the low-redshift scaling relations and marginally consistent with the intermediateredshift scaling relation. It should be noted that the three lens-selected groups that were not detected all lie at z > 0.4, while the four that were detected all have z < 0.4. Deeper X-ray observations of the B1608 and B1600 fields, which now each have only ∼30 ks of Chandra data, would enhance the conclusions that can be drawn from the lens group sample.
BGG offsets
In low-redshift samples, the brightest group galaxy (BGG) nearly always sits at the spatial and dynamical center of the group (e.g., , and the diffuse X-ray emission from group is also centered on the BGG (e.g., Helsdon & Ponman 2000; Osmond & Ponman 2004) . The coincidence between the diffuse X-ray gas and the BGG becomes less prominent in samples of X-rayselected moderate redshift groups, where some groups have negligible BGG offsets but others have offsets up to ∼ 160h −1 kpc (Jeltema et al. , 2007 . The lensselected systems presented in this paper span a redshift range similar to the Jeltema et al. (2007) sample and thus provide an interesting comparison sample. We have identified the brightest spectroscopicallyconfirmed member of each of the groups for which diffuse X-ray emission has been detected, either from our own imaging (for B0712 and B2108) or from the data in Momcheva et al. (2006 . The X-ray centroids are derived from the Gaussian-smoothed images in the last column of Figure 2 . For the B2108 field, we calculate the offset between the BGG and the centroid of B2108-1. The offsets between the BGGs and the X-ray centroids are given in Table 4 , and overlays of the X-ray contours on HST images are shown in Figure 9 . For B2108 the BGG is also the lensing galaxy. However, in B0712 (because the group lies at a lower redshift than the lens), PG1115, and B1422 the lens is not the BGG. Therefore, Table 4 also gives the offsets between the lensing galaxies and the X-ray centroids.
The offsets between the centroids of the diffuse X-ray emission and the BGGs are small to moderate, with all of the offsets being ≤20
′′ . At the redshifts of these groups, z ∼ 0.3 − 0.4, these offsets correspond to physical distances of ∼25-50 h −1 kpc. For comparison, five out of the seven groups in the sample of Jeltema et al. (2007) had BGG offsets of <15 h −1 kpc, while the other two had offsets of 110-160 h −1 kpc. In spite of the BGG-X-ray offsets measured in the lens-group sample, we cannot yet conclude that this sample is similar in character to the Jeltema et al. (2007) one. This is because slight changes in analysis techniques can lead to significant changes in the centroid position of lens-selected groups, as can be seen by comparing our X-ray images of PG1115 and B1422 to those in Grant et al. (2004) . Even with the excellent angular resolution of Chandra, the determination of the morphology of faint diffuse emission in the presence of bright lensed AGN images is challenging. Overor under-subtracting the AGN emission can bias the centroid position. Furthermore, the choice of smoothing technique can also lead to shifts in the derived X-ray centroid. Deeper X-ray imaging of all of the systems would help to address these centroiding issues.
Another complexity that enters into the determination of the BGG-X-ray offsets is the difficulty for some of the systems in identifying the BGG. For many of the groups there is no clearly dominant central galaxy. Instead, in several of the groups (B0712, B1608-3, B2108, and possibly PG1115) the brightest and next brightest galaxies are separated by less than half a magnitude. Other investigations of intermediate-redshift groups Jeltema et al. 2006) have found systems for which the IGM is detected in X-rays, but no dominant BGG was identified. For our lens-group sample, the lack of a dominant BGG in some groups may be due to seeing these groups at an earlier stage of their evolution (e.g., Jeltema et al. 2007) , or it may just be due to incomplete spectral information where the BGG has not yet been identified as a group member. Deeper optical data are needed to resolve this issue.
Implications for Gravitational Lensing
When a gravitational lens system resides in an overdense environment, that environment can impact the lensing potential and have clear effect on cosmological and astrophysics measurements made using the lens (e.g., Keeton & Zabludoff 2004 ). An advantage of X-ray observations over spectroscopic surveys of the lens environments is that, in theory, the X-ray data can produce clear determinations of the center of the group potential and the total group mass (through the temperature of the Xray gas). However, the existing Chandra data presented here are not sensitive enough to make robust measurements of either the centroids or the temperatures of the X-ray gas distributions.
Galaxy Properties
In low-redshift groups, correlations have been found between the morphological distribution of the member galaxies and the overall group properties (e.g., Osmond & Ponman 2004) . In particular, the Willis et al. (2005a, open triangles) , and low-redshift optically-selected groups from 2dF (Rasmussen et al. 2006 , filled squares). The solid line represents the fit to the GEMS sample (Helsdon & Ponman in prep) , while the dotted line is the fit to the low-redshift cluster data of Markevitch (1998) and Horner (2001) . The long-dashed line is a fit to a sample of intermediate-redshift groups and clusters (Gastaldello et al. 2008) . fraction of early-type galaxies shows a significant correlation with such properties as the group velocity dispersion and whether the group has detectable diffuse X-ray emission. At the redshifts of the lens-selected sample, it is not possible to use ground-based imaging to robustly determine galaxy morphologies. Therefore, we have used HST imaging to determine morphological properties of the group members, where possible. For nearly all of the systems, we used archival WFPC2 or ACS imaging (GO-5699, PI: Impey; GO-5908, PI: Jackson; GO-6555, PI: Schechter; GO-6652, PI: Impey; GO-7495, PI: Falco; GO-8628, PI: Impey; GO-9133, PI: Falco; GO-9138, PI: Impey; GO-9744, PI: Kochanek). Most of these archival data sets were obtained by the CfA-Arizona Space Telescope Lens Survey team. For B1608 we used our own deep ACS imaging (GO-10158:
PI: Fassnacht). Table 5 lists the proportion of galaxies identified by morphology as early-type (E or S0) in the lens-selected groups. All of the groups for which diffuse X-ray emission has been detected have relatively high early-type fractions, ranging from ∼50-70%. For galaxy groups in the local Universe, the groups for which a diffuse intragroup X-ray component is detected also have significant early-type fractions. In contrast, the group associated with B1600, which has no detected X-ray emission, has only one early-type galaxy among its confirmed members. The B1608 groups are mixed, with B1608-1 having a low early-type fraction and B1608-3 having a high fraction. It may be that diffuse X-ray emission was not detected in the B1608-3 group simply because the group is at a high redshift and the observations were not particularly deep. It should be Fig. 9 .-Optical imaging from the HST of the X-ray-detected groups, with contours representing the diffuse X-ray emission overlaid. For the B0712, PG1115, and B2108 images, the data were taken with the F814W filter. For the B1422 image, the data were taken with the F791W filter. In each image the BGG is marked with a circle and the lens system is marked with a box. Note that the lens system in the B0712 group is not physically associated with the group. noted that the results in Table 5 must be considered with caution. First, the number of member galaxies that have high-resolution imaging is small because of the fields of view of the HST cameras are limited. Secondly, the fractions may well be biased because the small fields are centered on the lens galaxy and may be probing special regions of the groups, such as the group centers.
5.8. The Nature of the Lens-selected Groups Although the lens-selected group sample is small, the trends from the sample are suggestive. As discussed in the previous sections, the systems for which diffuse X-ray emission has been detected appear to be quite similar to local X-ray-loud samples in their luminosities, their locations on the L X -σ plot, and their early-type fractions. This may not be totally unexpected, as the lensing galaxies in strong lens systems tend to have earlytype morphologies, and local groups containing massive ellipticals are more likely to have detectable X-ray emission (e.g., Mulchaey et al. 1996; . In fact, the one group in the lens-selected sample in which the lensing galaxy is clearly a spiral also has the lowest early-type fraction and is one of the Xray non-detections. Thus, while the B1600 group and possibly the B1608-1 group appear to be like the typical group found in the local Universe, with low masses and low early-type fractions (e.g. Geller & Huchra 1983; Eke et al. 2004) , the majority of the lens-group sample is more similar to the local groups for which X-ray emission from the IGM has been detected, which are more massive and dominated by early-type galaxies. The one lens group that does not fit this picture is the B1608-3 group, with its high early-type fraction and a relatively high velocity dispersion. The non-detection of B1608-3 in the Chandra observations may be due to a combination of its redshift and the short exposure time used in the observations. We feel that this is the group most likely to be detected if deeper observations of the field are undertaken.
SUMMARY AND FUTURE WORK
In this paper we have presented the results of a systematic analysis of ground-based optical spectroscopy and Chandra observations of fields containing both strong gravitational lenses and previously known moderateredshift galaxy groups. Diffuse emission from four of the seven groups were detected in the X-ray observations, and the properties of these four groups were found to be similar to low-redshift X-ray-detected groups. For these four lens systems, we have found associated groups that appear to be gravitationally bound structures, based on both the detection of diffuse X-ray emission from the IGM and the redshift distribution of the group members. Although these are small-number statistics, it appears that galaxy groups selected by their association with gravitational lenses are massive and X-ray luminous. Therefore, it may be possible to find massive groups at moderate redshifts by conducting targeted and sensitive X-ray observations of lens systems.
We note that most of the lens-selected groups were detected only at low significance and thus a full analysis of their X-ray properties was not possible. For example, precise X-ray temperatures could not be determined for any of the groups, and the determinations of the group centroids also remain highly uncertain. Therefore, deeper X-ray observations of the sample, in particular of the B1600 and B1608 fields, are important to clarify the conclusions that can be drawn from this nontraditional sample of moderate-redshift groups. Similarly, more extensive optical spectroscopy of the lens fields would allow better determinations of group memberships, velocity dispersions, and the identities of the BGGs. Furthermore, additional lens-group associations have been identified spectroscopically and are at redshifts that can be probed by deep Chandra observations. Having a larger sample is key to quantifying the properties of lens-selected galaxy groups.
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APPENDIX
SERENDIPITOUS SOURCES
In addition to studying the B0712 and B2108 groups, we also searched for diffuse and point-like serendipitous sources in the fields of each system. Object detection was carried out with the CIAO tool wavdetect (Freeman et al. 2002) , which was run with a detection threshold of 10 −6 on the ACIS chips 2,3,5,6,7. We used scales following the standard ( √ 2) i series with a maximum wavelet radius of 32 pixels. Sources were detected in both the soft (0.5-2.0 keV) and hard (2.0-8.0 keV) bands separately and cross-correlated; those detected with a 3σ significance or greater in at least one band were included in the final source list. Photometry was carried out in the soft, hard and full (0.5-8.0 keV) bands for point-like objects on the unfiltered event files using the ACIS Extract package. Two diffuse sources were detected, one on chip 3 (ACIS-I3) of the B0712 dataset and one on chip 7 (ACIS-S3) of the B2108 dataset; photometry of these sources were carried out manually using the dmextract task. The final source lists, including both point-like and diffuse objects, along with the counts detected in all three bands and the significances with which the sources were detected are listed in Tables 6 and 7 . The significances are calculated as the net counts from each source divided by the error of the background counts in the measurement aperture, σ = NET COUNTS/(1 + √ BKG COUNTS + 0.75). We searched for known counterparts to the two detected diffuse sources and found one to be 1.1 arcmin from the reported position of the Zwicky cluster Zwcl 0713.1+4717 (Zwicky et al. 1966) . We extracted the spectrum of the cluster using the specextract task and fit to it an absorbed Raymond-Smith thermal plasma model with a 0.3 solar metal abundance. Allowing both the temperature and the redshift to vary, our best-fit model returned a temperature of 1.78 keV and a redshift of 0.30. The extracted spectrum and our best-fit thermal model are shown in Figure 10 . We found no such counterpart to the diffuse source detected in the field of B2108. Furthermore, an extraction of its spectrum proved inconclusive, as we could not fit to it a thermal or power law model. 
